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(54) Rubber compositions 

(57) A rubber composition comprises a particular 
copolymer containing isobutylene unit, a paramethylsty- 
rene unit and a parabromomethylstyrene unit; natural 



rubber and/or diene synthetic rubber; carbon black; and 
at least one hydrazide compound, and has a low value 
of tan 6 at 60°C with maintaining tan 8 at 0°C at a high 
level. 
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Description 



«J£t^ ^« C ° mP ° Siti ° nS ' *" » * ^ ^ <" USe in a 

™„ J r" A " % 25 1 309 iS r6POrted th3t 3 hydrazide com P ound 'owers a heat generation of a diene polymer rubber 
US^HoToeo^^ 

USP 4,607,060, GB-A-909,753, GB-A-1, 330,393 and the like. 

On the other hand, it is known that butyl rubber and halogenated butyl rubber are large in loss factor ftan 8 - 

orZ^Thlr" TT? fUbber itS6 " 35 C ° mPared Wi,h ,he die - P°'V-r such as'natu'aTrl be° SBR BR 
or he like. Therefore, when the d,ene polymer is blended with butyl rubber or halogenated butyl rubber the loss factor 

IZZTT r t Ubberblend becomes >«*>• s ° when the rubber blend is used as a tread n^SSSE 
property and wet-gnppmg property can be improved. V gnpping 

nf >r,n?Z e ™' WhGn fUbber b ' end containin 9 butyl rubber is used as a tread rubber of the tire, the gripping 
performances are .mproved as mentioned above, but the loss factor at 50-60°C as an indication of rolling resistance 
.s ra sed to increase the rolling resistance and thereby largely degrade fuel consumption of an automoS 
J ° fder tQ S0 ' ve ' h ' s P rob,em ' ft is considered to use the above hydrazide compound as a low heat-generatinq 
agent. However the hydrazines are used for the diene polymer, so that they are sma.Mn the effect of .owe inl the heat 
generation on the butyl rubber having less double bond. Therefore, as the diene polymer becomes replaced wKh S 
tarty rubber, the effect of the .ow heat-generating agent is gradually lost, so that when 10 parts by weigh, for more of 
butyl rubber .s compounded in the rubber blend, it is difficult to reduce the rolling resistance 

0'C ,0 Pr ° Vide 3 fUbber COmpOSili0 " *** in *° *» '-tor at about 

dueL'mlt^Mh'H'r '? ° f iS '° Wered by addin9 ' he hydraZide COm P° und ,0 the die " e P°^cr is guessed 
of caTbLn bEk H t hyd ^ ld yeacts with a double bond portion of the diene polymer in the couL of dispersion 
of carbon black during the kneading and also reacts with a functional group of carbon black surface and hence the 
polymer js bonded to the carbon black through the hydrazide to improve the dispersibility of carbon black 

occu?s n ^d h'enceTh^Z!^ T"* b ?" d P ° rtion of ,he b ^ rubber is *• taction with the hydrazide hardly 
occurs and hence the effect of lowering the heat generation is small 

merSli^hlrirf? StUdi6S isobu, y |ene/ P arameth y'^ne/parabromomethy.styrene copoly- 

mer conta nmg a high reactivity parabromomethylstyrene is combined with the diene polymer and the hydrazide com- 
pound mstead of the butyl rubber and found that the .oss factor at about 0°C of the resulting ubber iStal 

^^TT bbef ' 0SS ' aC,0r a * ab ° U ' 6 °° C iS ,arQe,y reduced as compar^l hToSbu; 

rubber, and as a result the invention has been accomplished. 

a JS^f" 9 , ° 1 the ^^T"' th6re iS thC Pr ° ViSi0n ° f 3 rubber com P°sition comprising (1 ) 10-50 parts by weight of 
a copolymer contain.ng isobutylene unit, a parame.hy.styrene unit and a parabromomethylstyrene unit (2) (100 - Q) 
mi iSuTiTTl rubber h and/or ' die - s Vnthetic rubber when the amount of the copolymer of th above item 

eo esentec bv iSS ! * ^ . ? 3rb ° n bl3CK; *" W ° 1 *° by ^ °' at least 0ne h V drazide com P™ d 
represented by the following general formulae (I), (II) and (III): 



O O 
li II 



H 2 NHKC-A-CNHNH 2 ( I ) 



o 
II 



X-B-CNHNH2 (II) 



o 

II 



Y-CNHNH2 (III) 



-Z*!^ 3 bivalent 9 fOU P obtained ,rom an aromatic ring, a substituted or nonsubstituted hydantoin ring or a 
saturated or unsaturated s.raight-chain hydrocarbon having a carbon number of 1 -18, B is a bivalent aromatic hydro 
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carbon group, X is a hydroxyl group or an amino group, and Y is a pyridyl group or a hydrazino group. 

In a preferable embodiment of the invention, a total content of paramethylstyrene unit and parabromomethylstyrene 
unit in the copolymer is 0.5-20% by weight, and a content of parabromomethylstyrene unit as an atomic content of 
bromine is 0. 1 -7.5% by weight. 

In another preferable embodiment of the invention, the hydrazide compound is at least one compound selected 
from the group consisting of phthalic acid dihydrazide, terephthalic acid dihyrdazide, isophthalic acid dihydrazide, suc- 
cinic acid dihydrazide, adipic acid dihydrazide, azelaic acid dihydrazide, sebacic acid dihydrazide, eicosane diacid 
dihydrazide, y.ll-octadecadiene-l.lS-dicarbohydrazide, oxalic acid dihydrazide, anthraniloylhydrazide, salicylic acid 
hydrazide, 4-hydroxybenzoic acid hydrazide, 2-hydroxy-3-naphthoic acid hydrazide, isonicotinic acid hydrazide and 
carbodihydrazide. 

The term "isobutylene unit" constituting the copolymer according to the invention means a unit obtained by the 
polymerization of isobutylene monomer, and the term "paramethylstyrene unit" means a unit obtained by the polym- 
erization of paramethylstyrene monomer. The copolymer according to the invention is usually obtained by copolymer- 
izing isobutylene monomer with paramethylstyrene monomer and then partially brominizing a methyl portion of the 
paramethylstyrne unit in the presence of a Lewis acid. 

As the diene rubber to be blended with the copolymer, mention may be made of natural rubber, cis-1 ,4-polyisoprene, 
styrene-butadiene copolymer, low cis-1 ,4-polybutadiene, high cis-1 ,4-polybutadiene, ethylenepropylene-diene terpol- 
ymer, chloroprene, halogenated butyl rubber, acrylonitrile-butadiene rubber and the like. At least one diene rubber may 
be blended with the copolymer. 

In the hydrazide compound of the general formula (I), A is an aromatic ring of 




bonded in ortho, meta or para position), a substituted hydantoin ring of 



CH 3 ^ 

CH 0 
/ \ // 
CH 3 CH-C 

I I 

-CH 2 CH 2 N NCH 2 CH 2 - 

C 
II 



or a saturated or unsaturated straight-chain hydrocarbon group having a carbon number of 1-18 such as ethylene 
group, tetramethylene group, heptamethylene group, octamethylene group, octadecamethylene group, 7,11-octadec- 
adienylen group or the like. 

The compound of the general formula (I) includes phthalic acid dihydrazide, isophthalic acid dihydrazide, tereph- 
thalic acid dihydrazide, 1 ,3-bis(hydrazinocarboethyl)-5-isopropyl hydantoin of 
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CH 3 

\ 

CH-CH-C=0 
<V | | 

NH 2 NHCOCH 2 CH 2 N NCH 2 CH 2 CONHNH 2 
C 



The compound of the general formula (II) includes anthraniloylhydrazide of 




CONHNH2 
NH 2 



salicylic acid hydrazide of 



CONHNH2 

6- oH < 

4-hydroxybenzoic acid hydrazide of 

CONHNH2 



HO 

2-hydroxy-3-naphthoic acid hydrazide of 




CONHNH2 



and the like. 



In the hydrazide compound of the general formula (III), Y is preferably a pyridyl group or a hydrazino qrouo 
The compound of the general formula (III) includes isonicotinic acid hydrazide of P 
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CONHNH 2 



10 



15 



?0 



45 



55 



carbohydrazide of 

NHNH2 



and the like. 

Among these hydrazide compounds, 2-hydroxy-3-naphthoic acid hydrazide, isophthalic acid dihydrazide and ison- 
icotinic acid hydrazide are most preferable. 

When the amount of the copolymer compounded is less than 10 parts by weight, the amount of the diene polymer 
rubber becomes too large and hence the effect of lowering the heat generation through the hydrazide compound in 
the copolymer is substantially equal to that of the butyl rubber and the effect inherent to the invention is hardly obtained. 
While, when it exceeds 50 parts by weight, the other properties required as the rubber composition are considerably 
degraded. 

25 When the amount of the hydrazide compound is less than 0.1 part by weight, the low heat-generating effect is not 

sufficiently obtained, while when it exceeds 5.0 parts by weight, the workability such as resistance to scorching is 
degraded. 

Moreover, it is considered that the hydrazide compound reduces tan 5 through nucleophilic substitution reaction 
with parabromomethylstyrene portion of the copolymer for improving the dispersibility of carbon black likewise the 

30 diene polymer rubber. Such an effect of reducing tan 5 is influenced by the copolymer and the diene polymer but is 
generally small at about 0°C and large at about 50-60°C. 

When the total content of paramethylstyrene unit and parabromomethylstyrene unit in the copolymer is less than 
0.5% by weight, the effect of lowering the heat generation through the hydrazide compound is not obtained, while when 
it exceeds 20% by weight, the glass transition temperature is too high and the physical properties as the rubber com- 

35 position lower. Similarly, when the atomic content of bromine included in the parabromomethyl styrene unit is less than 
0.1% by weight, the effect of lowering the heat generation is not obtained, while when it exceeds 7.5% by weight, the 
physical properties lower. 

When the amount of carbon black is less than 20 parts by weight, the effect of dispersing carbon black through 
the hydrazide compound is small and the effect according to the invention is not sufficiently obtained and also the 
40 fatigue properties and wear resistance of the vulcanizate are poor. While, when it exceeds 150 parts by weight, the 
other properties such as workability and the like are undesirably degraded and also the low hysteresis loss (low rolling 
resistance) is not obtained. The amount of carbon black is preferably 25-80 parts by weight. As the carbon black, use 
may be made of carbon black HAF, carbon black ISAF, carbon black SAF and the like. 

Sulfur or the like is used as a vulcanizing agent in an amount of 0.1-5 parts by weight, preferably 1-2 parts by 
weight based on 100 parts by weight of the rubber ingredient. When the amount is less than 0.1 part by weight, the 
fatigue properties and wear resistance of the vulcanizate are degraded, while when it exceeds 5 parts by weight, rubber 
elasticity is lost. 

As a process oil usable in the invention, mention may be made of paraffinic oil, naphthenic oil, aromatic oil and 
the like. Particularly, the aromatic oil is used in case of applications requiring the fatigue properties and wear resistance, 
so while the paraffinic oil or naphthenic oil is used in case of applications requiring the low-temperature properties. The 
amount of the process oil used is 0-100 parts by weight based on 100 parts by weight of the rubber ingredient. When 
it exceeds 100 parts by weight, the fatigue properties and low hysteresis loss of the vulcanizate are considerably 
degraded. 

The vulcanization accelerator usable in the invention is not particularly restricted and preferably includes thiazole 
series vulcanization accelerators such as MBT (2-mercaptobenzothiazole), DM (dibenzothiazyl sulfide), CBS (N-cy- 
clohexyl-2-benzothiazyl sulfenamide) and the like; and guanidine series vulcanization accelerators such as DPG 
(diphenyl guanidine) and the like. The amount of the vulcanization accelerator used is 0. 1 -5 parts by weight, preferably 
0.2-3 parts by weight based on 100 parts by weight of the rubber ingredient. 



5 
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10 



15 



20 



25 



fieldU mbL b r e i r n C H^, POSiti ° h n "T" 8 ^ ^ inVenti ° n may be com P ounded various additives usually used in the 
^J^^^SSZ?™ Carb ° nate ' ,UaniUm ° Xid6 ' *" ^ «~ -tiozo- 

nr .hilt rubb h er k com P° si,ion ^cording to the invention is obtained by kneading in a kneader such as a Banbury mixer 
2Ho i h I P VU ' Cani2ed f ° f USe in 001 ° n,y ,ire appHca,ions such as ,ire Sad ^ 

be3 H P °T bU ' 3lSO indUS,ria ' 900dS SUCh 35 rubber vibra,ion insulato '. belt, hose and so on 

Part^ularly the rubber composition according to the invention is most preferably used as a rubber in the «re trcad 

The totowmg examples are gh,en in il.ustration of the invention and are not intended as limitations thereof 
loa l!ir P0$ ° n ,S k rePared by kneadin9 8 lab ° ra,0ry plas,omi " of 250 ml ,nrou 9h 3 inch rolls according 
of the result.ng vulcamzate are evaluated to obtain results as shown in Tables 2 and 3 Ponies 

the L V t^(m^tr lU T 38 'T ali ° n ° f ' OW hyStefeSiS ' 0SS fela,in 9 to a low ro,li n9 resistance of 
Jatatemo^ 

mat a temperature is 60 C. a dynamic strain under tension is 1% and a frequency is 10 Hz and represented bv an 
-ndex on the basis that a reciprocal of a value in Compare Example 1 is 1 00. The larger the index va ue <h smalfer 

SrJTZ ^ ' 0Wer ^ r °" ing r6SiStanCe Wh6n ,hS fUbber COmp0siti - is used *n the , e ZT 

throuah h. h r P h W 3 C , 3Se COn,a ' nin9 n ° ' OW heat -9 e nerating agent, the effect of lowering heat generation 
coZ, 1 " 7 C °T Und 13 repreSented b * an index on the basis that a reciprocal of tan 5 at 60°C in the rubber 
composition containing no hydrazide derive (corresponding Comparative Example No. is shown in Tables 2 and 3) 

bv R^Lmi?S C , ati T °' We, - gr | Ppin 9 pro P ert * ,an « * O'C i S mea sured by means of a dynamic spectrometer (made 
is 1 0 H a^d ^ul? P T conditions that a temperature is 0°C. a dynamic strain under tension is 1% and a frequency 



Table 1 



Starting rubber materials 



100 parts by weight (details of rubber blend are 
described in Tables 2 and 3) 



30 



Hydrazide compound 



variable (described in Tables 2 and 3) 



Carbon black HAF 



50 parts by weight 



Stearic acid 



2 parts by weight 



35 



Zinc white 



3 parts by weight 



Vulcanization accelerator DPG *2 



0.5 part by weight 



40 



Vulcanization accelerator DM *3 



Sulfur 



1.5 parts by weight 



•1 : In the starting rubber material, the copolymer according to the invention has 2 



1.5 parts by weight 



.otal o. paramethy^rene uni, and pa ra bro m o m e,hy btyrene uni , unless c^^Z^^l 
*2: diphenyl guanidine 
*3: dibenzothiazyl disulfide 



.0% by weight of bromine atomic content and 10.0% by weight in 



45 



50 



55 
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HP in * S ro Seen fr ° m Comparative Examples 1-5 varying the amount of butyl rubber (MR) compounded, as the amount of 

As seen from Comparative Examples 6-10 containing variable amount of IIR and a gwen amount of the hvdrazide 
compound (isoph.ha.ic acid dihydrazide), the value of tan 5 a. 60'C is lowered to develop the Tffec o toweHng hS 
TZT: aS t h T Pared Wi,h ( Com P ara,ive Exam P |es 1 " 5 containing no hydrazide compound, but such an effecUs 
proTe^is S^aST am ° Un ' ^ °' 5 31 °° C * ' 6SS a " d the 

When Comparative Example 11 using IIR is compared with Comparative Example 12 using Br-IIR in which the 

cC^Se Se12 hat ° f " a M ° f l0Wefin9 h6at 9enera,i ° n 31 6 °° C ' S ° bSefVed but iS 

of tanSaTeJ-c" 1 C ° mpara,iVe EXamp ' eS 1 3 " 1 6 ' ,he copolymer raises tan 8 at 0°C likewise IIR and increases the value 

h Pa , l ln!T ra,iV !fK XamP,e 17 USinQ na,Ura ' ^^'copolymer/SBR as a rubber ingredient, the effect of lowering 
heat generation and the gripping property are poor. • 8 

Comparative Examples 18 and 19 are cases of changing the kind of the hydrazide compound used However 

TZ™ H P H S ,r ,a « n " R 'I' 6 " 36 Com P arative Exam P' es 6 " 1 0. so that the improvement of the whipping property 
.s observed, but the effect of lowering heat generation is low because the copolymer is not included 

th P .«J, e !n fr0m C ° mpara,ive Exam P ,es 2 °- 22 ' even wh *n compounding of carbon black or the like is changed 
the effect of lowering heat generation is not observed. 

is ndt n obseXed a,iVe EXamP ' e the ammmX of Br in ,he ^polymer, the effect of lowering heat generation 

wJr,h XamP ' eS 1 ' 4 " th ? am ° Unt ° f the c °P 0| y mer is varied with a constant amount of isophthalic acid dihydrazide 
When they are compared with Comparative Examples 13-16, it is understood that the effect of lowering heat generation 

establish both the effect of lowering heat generation and the wet-gripping property 

h H^frrl 68 5 .; 8 ' inf ' UenCe °' ,he am ° Unt ° f hydra2ide compound "Pon the effect is examined, from which it 

—n t:To ™zt hydrazide compound is increased within a ran9e o< ° - 5 pa - * ■** •» 

The desired effect is obtained even in Example 9 using natural rubber/copolymer/SBR as a rubber ingredient 
Examples 10-1 1 are cases of changing the kind of the hydrazide compound used and develop the desired effect 
likewise the case using isophthalic acid dihydrazide. 

h M , A l Seen , ,r ° m EXamP ' e 12 ' Wh6n the br ° mine atomi ° content in ,he ^Polymer is reduced, the effect of lowering 
rrfllTJ T 18 S ° m J 8 31 redUCed " bUt the sufficient| y low valu * of tan 8 (60'C) is obtained as compared with 
Comparative Example 8 containing 30 parts by weight of IIR or the like 

nrnop^TLM 3 ^J™ 9 20 parts bv wei 9 ht of silica (carbon black: 30 parts by weight) shows that the wet-gripping 
property and the low hysteresis loss are established. 

^ ment ;° ned above ' accordinQ t0 the inven,ion . the specified hydrazide compound exhibiting the effect of lowering 
JSiSZT I 0 " ,S COmp ° Unded Wi,h the c °P 0| y mer havin 9 9iven isobutylene unit, paramethy.styrene unit and parab 
romomethylstyrene unit and the diene polymer rubber, whereby there can be provided rubber compositions capable 
of lowering tan 8 at 60'C without substantially changing the value of tan 8 at 0°C 

.i» 1" rt DT° re ' Whe " fUbber composi,ion ^cording to the invention is used as a tread rubber for a pneumatic 
tire, the high wet-gripping property and the low rolling resistance can be established. 



Claims 



A rubber composition comprising (1) 10-50 parts by weight of a copolymer containing isobutylene unit a param- 
ethytetyrene unit and a parabromomethylstyrene unit; (2) (100 - Q) parts by weight of natural rubber and/or diene 
hK n am ° Unt °' thec °P 0| y mer o' the ab °ve *™ 0 ) is Q; (3) 20-150 parts by weight of carbon 

formulae n m^'and?im rtS * ^ °' 3t ' eaSt 006 hydfaZide C ° mp ° Und re P resen « ed b y < b * following general 



formulae (I), (II) and (III) 

H 2 NHNC-A-CNHNH 2 ( I ) 



O O 
ll II 
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(II) 



Y 




(III) 



wherein A is a bivalent group obtained from an aromatic ring, a substituted or nonsubstituted hydantoin ring, or a 
saturated or unsaturated straight-chain hydrocarbon having a carbon number of 1-18, B is a bivalent aromatic 
hydrocarbon group, X is a hydroxyl group or an amino group, and Y is a pyridyl group or a hydrazino group. 

A rubber composition according to claim 1 , wherein a total content of paramethylstyrene unit and parabromometh- 
ylstyrene unit in the copolymer is 0.5-20% by weight, and a content of parabromomethylstyrene unit as an atomic 
content of bromine is 0. 1 -7.5% by weight. 

A rubber composition according to claim 1 , wherein the hydrazide compound is at least one compound selected 
from the group consisting of phthalic acid dihydrazide, terephthalic acid dihyrdazide, isophthalic acid dihydrazide, 
succinic acid dihydrazide, adipic acid dihydrazide, azelaic acid dihydrazide, sebacic acid dihydrazide, eicosane 
diacid dihydrazide, 7, 1 1 -octadecadiene-1 , 1 8-dicarbohydrazide, oxalic acid dihydrazide, anthraniloylhydrazide, sal- 
icylic acid hydrazide, 4-hydroxybenzoic acid hydrazide, 2-hydroxy-3-naphthoic acid hydrazide, isonicotinic acid 
hydrazide and carbodihydrazide. 

A rubber composition according to claim 3, wherein the hydrazide compound is 2-hydroxy-3-naphthoic acid hy- 
drazide, isophthalic acid dihyrazide or isonicotinic acid hydrazide. 

A rubber composition according to claim 4, wherein the hydrazide compound is 2-hydroxy-3-naphthoic acid hy- 
drazide. 

A rubber composition according to claim 1 , wherein the diene synthetic rubber is at least one rubber selected from 
the group consisting of cis-1,4-polyisoprene, styrene-butadiene copolymer, low cis-1,4-polybutadiene, high cis- 
1,4-polybutadiene, ethylenepropylene-diene terpolymer, chloroprene, halogenated butyl rubber and aery Ion itrile- 
butadiene rubber. 
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